Abstract The inclusion of Stylosanthes scabra cv. Seca forage in the total mixed ration (TMR) as partial replacement of lucerne (alfalfa) was evaluated for its effects on voluntary feed intake, nutrient digestibility and nitrogen balance in Saanen goats. Three experimental diets were formulated having 0 % Seca (T1), 15 % Seca (T2) and 30 % Seca (T3) as partial replacement of lucerne forage in the TMR diet for goats. Eighteen Saanen goats of about 7 months old were divided into three groups of six animals per group. Each group was randomly assigned to one of the three dietary treatments in a complete randomised design, and the study lasted for a period of 21 days. There was an increase in fibre and mineral content of the diets as Seca inclusion increased, but this resulted in the decrease of crude protein contents and in vitro organic matter digestibility. Animals that were fed 15 % Seca recorded higher voluntary dry matter and nutrient (organic matter and fibres) intake, but the difference was not statistically significant (P>0.05) as compared to the other treatments. Nutrient digestibility as well as nitrogen balance was not significantly different across the three diets. The lack of significant differences in feed intake, nutrient digestibility and nitrogen utilisation following the inclusion of Seca in the TMR suggests that S. scabra forage can partially replace lucerne in the TMR diet of goats.
Introduction
Poor livestock production in the developing countries, particularly under smallholder farmers' condition, is attributed to over-dependence on low digestible, poor quality and inadequate feed supply from natural pastures. Sometimes, feed from natural pastures especially at maturity cannot even meet the maintenance requirements of the animals, and to address this situation, fodder trees, shrubs and herbaceous legumes have been used as supplementary feed for ruminants (Aregheore and Perera 2004; Fadiyimu et al. 2010; Abegunde and Akinsoyinu 2011; Barakat et al. 2013) . Forage legumes generally contain high protein, minerals and vitamins (Idowu et al. 2013 ); hence, they are often used as protein source to correct the protein deficiency of natural pastures (Tufarelli et al. 2010) . Incorporating fodder legumes into ruminant diet as supplementary feed has been noted to improve feed efficiency and feed intake (Mendieta-Araica et al. 2009; Pen et al. 2013 ) and also improving animal performance in terms of milk production in Saanen goats (Baloyi et al. 2006) and Ankole cow (Mupenzi et al. 2009 ). Leguminous trees, shrubs and herbs can be easily grown by smallholder farmers, and their inclusion in animal's diet can reduce overall feeding cost (Ososanya et al. 2013) .
Stylosanthes scabra cv. Seca is a hardy, erect shrubby legume which produces moderate to high biomass yield with relatively good nutritive value (Akinlade et al. 2008) . The erect and shrubby nature of this legume along with the drought and frost tolerance characteristics makes the species suitable for sub-tropical dry areas (Chandra 2009 ). This legume has been evaluated for its adaptability and agronomic performance over a period of 3 years under rain-fed condition in sub-tropical climate of Pretoria, South Africa, and was found to be well adaptable and productive in sub-tropical climate of Pretoria (Mpanza et al. 2013) . Furthermore, it was tested for acceptability, preferences and palatability with Saanen goats and was found acceptable and palatable (Mpanza et al. 2014) . This shows the potential use of this species as alternative supplementary forage for livestock under smallholder farmers in South Africa. The inclusion of legume forages in the total mixed ration of animal as protein source helps to reduce the feed cost by replacing concentrate as protein source (Olafadehan et al. 2014) . Seca forage contains above 17 % crude protein with low level of tannins when grown in Pretoria, South Africa (Mpanza et al. 2014) . Thus, it has the potential to replace lucerne in total mixed ration of goats as both forage and protein source. The objective of the present study was to investigate the effects of partial replacement of lucerne forage by S. scabra on the voluntary feed intake, digestibility and nitrogen balance of Saanen goats fed total mixed ration.
Materials and methods

Study site
The experiment was carried out at the small stock unit, Hatfield experimental Farm of the University of Pretoria, which is located at 25°44′ 30″ S, 28°15′ 30″ E, at the elevation of 1370 m above sea level. The study area has two distinctive seasons: a dry season (March-September) and rainy season (October-February) with warm and humid condition in summer, while winter is dry, cold and sunny. Mean annual summer rainfall of this area is 674 mm .
Forage material and treatments
Sufficient quantities of S. scabra forage were harvested from screening trial plots that had been established for 3 years at the Hatfield Experimental Farm of the University of Pretoria. S. scabra accessions were harvested at about 100 % flowering stage of growth in order to get maximum biomass production. The harvested forage was shade dried over a week, but due to small quantities of forage from each accessions, hence, they were mixed together in order to have enough forage material for the study. Other feed ingredients were purchased from the local market. Dried S. scabra, lucerne forages and Eragrostis curvula hay were chopped using hammer mill with 25-mm diameter sieve and were thoroughly mixed with the concentrates to avoid feed selectivity.
S. scabra forage was used to partially replace lucerne forage in the traditional TMR diet referred to as orthodox diet. Thus, three dietary treatments were formulated where lucerne was replaced by 0, 15 and 30 % of S. scabra forage on dry matter bases (Table 1) . A computer software developed by Langston University Goat Research and Extension programs (2000) was used to formulate the diets using the on-line link to the program. Each level of S. scabra inclusion was referred as treatment; thus, there were three dietary treatments (T1, T2 and T3, respectively). Each treatment was replicated using six Saanen male goats.
Animals and their feeding
A total of 18 healthy male Saanen goats of about 7 months old, with an average weight of 29.6±3.27 kg, were used in the study for a period of 3 weeks. Goats were distributed in a complete randomised design with three dietary treatments and six replicates per treatment. The permit to use animals for the trial was granted by the Animal Use and Care Committee (AUCC) of the University of Pretoria (reference no. ec085-12). Animals were adapted to experimental diets for a period of 2 weeks. To reduce the period of stay in metabolic cages, the first week of adaptation was done in open pens, and second week was done in metabolic cages. This was followed by 7-day period of data collection where feed intake, feed refusal, total faecal and urine voided were collected, weighed and recorded, and representative samples taken for subsequent lab analysis.
Data collection and chemical analysis
Following 2 weeks of adaptation, data on feed intake, urine and total faecal output were collected for seven consecutive days. For voluntary feed intake estimation, feed offered and refusal were recorded daily per animal, and representative daily samples were taken. Faecal bags were used to collect daily faecal output per animal, and two samples were taken, one was used for daily dry mater output and the other one was stored in a freezer for later chemical analysis. Urine was collected in a plastic container, containing 20 ml of 10 % sulphuric acid (H 2 SO 4 ) to keep the pH below 4 in order to prevent the escape of ammonia. The volume of urine was measured daily, diluted with water to 5 l (to prevent corrosiveness of ammonia), and thereafter, a sample of 100 ml was taken and stored in a freezer for later nitrogen analysis. Daily samples that were taken from feed, faeces and urine were pooled at the end of 7 days of collection, and representative sub-samples were taken in duplicates per animals for chemical analysis.
Feed and faecal samples were then analysed in duplicates for dry matter (DM), ash, neutral detergent fibre (NDF), acid detergent fibre (ADF) and nitrogen concentration. Feed samples were also analysed for in vitro organic matter digestibility (IVOMD), calcium (Ca) and phosphorus (P) concentration. Proximate composition was analysed using standard procedure according to AOAC (2000) , while fibre contents (neutral and acid detergent fibres) were determined according to Van Soest et al. (1991) . In vitro digestible organic matter was determined following Tilley and Terry (1963) procedure as modified by Angels and Van Der Merwe (1967) .
Statistical analysis
The data were analysed by the analysis of variance (ANOVA) using the general linear model (GLM) of Statistical Analysis Systems, Software version 9.0 (SAS 2002). The experimental diet and random error were included in the model. Where F value has shown significant difference for the treatment effect, mean separation was undertaken using Duncan's multiple range test.
Results
The chemical composition of the experimental diets, lucerne and S. scabra forages is presented in Table 2 . Lucerne hay which is traditionally used in TMR diet for goats is of medium quality with the crude protein (CP) content of about 17 %, and S. scabra forage used in this study had CP value slightly higher (18.56 %) than lucerne. There were no significant differences in the ADF and NDF contents of both lucerne and S. scabra forage. In the experimental diets formulated, crude protein content and in vitro organic matter digestibility (IVOMD) decrease slightly with increasing level of S. scabra forage inclusion, whereas ash, ADF, NDF and Ca increased with the increasing level of S. scabra forage inclusion on the TMR. However, the CP levels in the dietary treatments were above the critical level that supports the intake and normal functioning of a rumen. The difference in CP, IVOMD, ash, ADF and NDF was not significant (P>0.05) across the treatments.
Voluntary dry matter intake of the experimental diets fed to the Saanen goats is presented in Table 3 . Partial replacement of lucerne with S. scabra at 15 and 30 % levels did not significantly (P>0.05) affect the voluntary dry matter and nutrient intake of the Saanen goats. Animals fed 15 % Seca seem to have a higher intake, while those on 30 % Seca had the lowest, but the difference was not statistically significant. Partial replacement of lucerne by S. scabra had no significant effects (P>0.05) on nutrient digestibility (Table 4) . The dry matter, CP, ADF and OM digestibility seem to decrease with the increasing level of S. scabra forage inclusion though the difference was not statistically significant.
The daily nitrogen intake of the Saanen goats was not significantly affected by the replacement of lucerne with S. scabra forage in the TMR diet across all levels. However, the nitrogen intake seems to be the lowest for 30 % Seca compared to the other two treatments (Table 5 ). Excretion of nitrogen through faeces was not significantly affected by treatment diet. However, animals fed 15 % Seca diet had slightly higher nitrogen excretion in contrast with the other two treatments. Urinary nitrogen values seem to be slightly higher for animal fed on 30 % TMR diet, though the difference was not statistically significant (P>0.05) when compared with the other two treatments. Saanen goats fed dietary treatment with different levels (15 or 30 %) of S. scabra forage in TMR had a positive nitrogen balance. Although goats that were fed 30 % Seca diet seem to have slightly lower nitrogen retention, the treatment was not statistically significant when compared with the other two treatments.
Discussion
The primary objective of this study was to assess the potential of using S. scabra forage as partial replacement of lucerne in total mixed ration formulated for Saanen goats. The nutrient profile of S. scabra shows that the forage has a good nutritive value that should result in good productive performance. The protein content of Seca forage used in the present study was above 11 % which is adequate for growing beef cattle (Valarini and Possenti 2006) and was in the range that is required to support a lactating dairy cow (Poppi and McLennan 1995) . However, when Seca was incorporated into TMR diet to partially replace lucerne, the CP content of the diets was slightly reduced. Similar pattern was observed for in vitro organic matter digestibility of the diets.
In the present study, the voluntary feed intake of dietary treatments was similar across the treatments, and this is in consistent with the findings of Schnaider et al. (2014) . Nutrient intake for DM, OM, CP, NDF and ADF was similar in all dietary treatment groups; consequently, the in vivo digestibility of the nutrients was similar. The declining trends in digestibility of DM, OM and CP could be related to the observed relative increase in ADF and NDF content in the diet as the level of S. scabra forage inclusion increases. However, these results also agree with the report of Shi et al. (2014) and Sath et al. (2012) . Even though NDF content seems to be slightly higher, the level was still below the upper limit of 60 %, capable of reducing dry matter intake (Meissner et al. 1991) . Besides the level of NDF and ADF, Mahgoub et al. (2005) reported that the increasing level of non-conventional feed ingredients leads to the reduction of apparent nutrient digestibility.
Intake of CP slightly decreases as S. scabra level increases, and this could be attributed to the fact that even in dietary treatments, CP contents were reduced as the inclusion level of S. scabra forage increased. On the other hand, the excretion of nitrogen tends to increase in faecal and urine with the increasing level of S. scabra forage in diets, and this could be attributed to the probability that nitrogen intake exceeded the requirement of goats in all treatments. Previous study indicated that S. scabra forage contains a relatively low level of tannins (ranged from 0.87 to 1.64 g/kg DM) (Mpanza et al. 2014) . Although in this study, tannin content was not determined, one can expect an increase in tannin intake with increasing level of S. scabra forage inclusion in the TMR diet. This could partly explain the trend that is observed in nitrogen balance. However, dietary treatment had no significant effect on some of the measured response including intake, digestibility and nitrogen retention.
Conclusions
The inclusion of S. scabra forage in the TMR diet as partial replacement of lucerne did not show any significant effect in terms of dry matter and nutrient intake, digestibility and nitrogen utilisation. This means that up to 30 % of lucerne can be partly replaced with S. scabra forage without compromising the nutritive value of the TMR diet of Saanen goats. However, this study evaluated only up to 30 % inclusion level, and thus, future studies need to assess the possibility of replacing higher proportion of lucerne with Seca forage. However, the benefits need to be quantified also in terms of animal productive performance and cost benefit. 
